Purpose: More and more executives of automobile industry in China start to recognize the concept of green competitiveness recently. However, relatively less research attention has been devoted to the consideration of measurement. This paper aims to find empirical approach to quantify green competitiveness for automotive enterprises. The connotation of green competitiveness is explored and one suite of evaluation index system has been proposed with four dimensions including environmental, resource, capability and knowledge.
Resource dimension
Resource dimension includes the elements which is the fundamental to the green competitiveness. The resource managed by the company is the cornerstone competing with others, which could dramatically affect the corporate operation (Wernerfelt, 1984) . By the analysis on the characteristics of automotive enterprises competitiveness, resource dimension could be described by material resources, human resources and market resources.
Capability dimension
The green competitiveness for automotive enterprises depends not only on the ownership of resources, but also the resource utilization and development. Capability dimension is defined to describe the ability how the target company could have better performance in its operating activities than competitors with certain resources level. As this ability is not easy to be quantified directly, we can measure it according to its dominant performance, such as efficiency of resources usage, profitability and growth ability.
Knowledge dimension
Knowledge, or know-how, is the key factor supporting the automotive enterprise capabilities. It is the spirit of enterprise competitiveness. This is the top level competition for green competitiveness. Automotive enterprises can enhance green competitiveness dramatically through the creation of low-carbon automotive knowledge, which could help the company to differentiate against competitors by taking advantage of customer environmental preference.
Knowledge itself differs from material, human and market resources. It is difficult to be observed directly so we have to describe it by measuring the input and output of automotive enterprises in the process of knowledge creation. With this approach, the investment in R&D and the quantity and quality of patents can represent the level of knowledge creation.
The interrelations among the four dimensions that facilitate green competitiveness improvement can be shown in Figure. 1. Those four dimensions are not separately running by themselves while they are tightly connected and correlated with each other during the entire enterprise cycle. We realize that there are two paths among those dimensions as demonstrated in the figure, which could be represented by up-stream and down-stream. For the up-stream from bottom to the top, a positive driven effect will be generated out from this path. The positive external environmental dimension will lead the automotive enterprise towards the strategy which could result in the enhancement of the competitiveness. Such effect will be transferred to the upper level for the required resources input. The knowledge dimension will be triggered whenever the scientist or key technologies are necessary. Those efforts will finally contribute to the upgrade of the green competitiveness through the capability dimension.
Looking into the down-stream from the reverse direction, the enterprise could then have the new request of the latest technologies once they have enhanced capability dimension with advanced solution. As the knowledge dimension has been enhanced through learning and innovation, those enhancement will again support the automotive enterprise for advanced resources accumulation. Consequently the higher level the upper dimensions could achieve, the better motivation and ability the enterprise will have to improve the environment as well as the environment factors.
In short, the up-stream will guarantee the normal cultivation of the green competitiveness while the down-stream will manage the transition to the higher level of the competitiveness.
With the correlation between up and down-stream, a sustainable growth trend of green competitiveness could be formed for the enterprise.
3. Construction of evaluation indicator system of green competitiveness for automotive enterprises Yuan, Wang and Chen (2009) ; Chen, Wang and Yin (2009) ; Chen, Liu and Yuan (2013) conduct methodology and empirical research on green competitiveness evaluation, but litter relevant to automotive companies. This section aims at formulate one general evaluation index structure of green competitiveness for automotive enterprises which is operational and comparable. Through such index structure, the enterprise could easily perform the benchmark from both horizontal and vertical approach. Based on such benchmark, the company could find its own position among the whole industry while its disadvantage could be identified. The enterprise could also understand the competitiveness development status during certain period. By the analysis towards the content and dimension of the green competitiveness for automotive enterprise, AHP method has been utilized for the sub-dimension decompose and indicators design for those dimensions such as environmental, resources, capability and knowledge. The details are shown in Table 1 
4．Empirical analysis of green competitiveness for automotive enterprises
Taking above index structure into practice, we manually collected the data of all 24 domestic automotive listed companies from Shenzhen and Shanghai Stock Exchange for detail analysis.
The data collection is based on the information of year 2011. Factor analysis method has been used for empirical analysis. Seven factors has been found and named after such analysis.
Among those seven factors, the analysis consequently reveals the factors like enterprise resource possession and utilization; environment, responsibility and knowledge; profitability; management efficiency, have a key effect on the green competitiveness for automotive enterprises.
4.1．Sample
The sample includes 24 domestic auto listed companies which are Weichai Power, JMC, Haima, 
4.2．Methodology
Factor analysis is a method widely used to seek values of the loadings that bring the estimate of the total communality as close as possible to the total of the observed variances.
Data standardization
The raw data should be standardized calculation before variable analysis. Standard deviation standardized methods can be used，we can get a new matrix R according to Formula (1).
(1)
KMO and Bartlett test
KMO test value is 0.723, greater than 0.5, indicating that the data is suitable for factor analysis. Bartlett test shows accompanied probability is 0.000, less than the significance level of 0.05. Therefore we can deny the null hypothesis of Bartlett test that is suitable for factor analysis.
Structure factor variables
Variance contribution rate and cumulative contribution rate can be calculated according the Formula (3), (4). Eigen values, variance contribution rate and cumulative contribution rate obtained by the calculation of the correlation coefficient matrix R are shown in Table 2 , in which the variance contribution rate reacts of the factors' the explanatory power to the total variance of all the original variables, so it is a measure of the importance of common factor, the higher the value, the higher the degree of importance of the common factor. 
Factor loading
According to the formula (5), we can calculating factor loading aij, then we can get loading matrix A.
(5) (6) Factor loading is used to estimate the correlation coefficient between the observed variables.
The load of common factors on each variable has little difference, so we cannot clearly explain the meaning of every common factor, and cannot name factors; therefore, we need a factor rotation. Factor rotation is equivalent to a reallocation of the same cumulative contribution rate on several common factors, under the premise of determined number of common factors, such that the load of each factor on variables tends to be more polarization, and substitutability of common factors to the variables is more explicit.
Factor rotation result can be seen from Table 3 . Factor Z1 has significantly positive correlation with enterprise resource consumption and utilization, so Z1 can be explained as enterprise resource possession and utilization factor. Factor Z2 is highly correlated with environmental protection investment, social responsibility and technical knowledge, so Z2 can be explained as the environment, responsibility and knowledge factor. Factor Z3 is highly correlated with profitability, so Z3 can be explained as profitability factor. Factor Z4 has significantly positive correlation with the ability of management efficiency, so Z4 can be explained as management efficiency factor. Factor Z5 has significantly positive correlation with the creditor and debtor relationship, so Z5 can be explained as the credit and debt factor. Factor Z6 is highly relevant to internal growth ability, so Z6 can be explained as internal growth factor. Factor Z7 is highly relevant to external growth capacity, so Z7 can be explained as external growth factor.
Factor variables
According to formula (7), the coefficient matrix has expressed the 7 common factors as a linear form of 26 basic variables indicators, the detail result can be seen from Table 4. -567- 
Comprehensive Evaluation Model
One common factor alone does not make a comprehensive evaluation of corporate green competitiveness. Thus using the variance contribution rate corresponding to each common factor as the weight, we calculated the comprehensive score of corporate green competitiveness as below. (8 
4.3．Results
The results for evaluating green competitiveness based on the empirical analysis above are presented in Table 5 , the column from Z1 to Z7 represent the sub-item score of green competitiveness, the column Z represent the comprehensive score of green competitiveness
Sub-item comparison
In general, we can find that factor Z1, Z2, Z3 and Z4 ， have a significant effect on the green competitiveness for automotive enterprises. In Z1, enterprise resource possession and utilization factor, we could found that SAIC has a good performance followed by BYD while there is a big difference in score between those two, though. The worst performance company in this dimension is the Ankai bus. Looking into Z2，environment, responsibility and knowledge factor, which is also very important to enhance green competitiveness, the top five are BYD, BUS with score -0.610. The evaluation unveils the fact that SAIC has better performance in resources possession and utilization than other companies while those two areas have the higher weight in the evaluation index structure. But we could also realize that, however, SAIC has relatively poor behavior in terms of environment and knowledge factors where further action need to be taken so as to maintain the sustainable competitive advantages. For instance, more investment to the areas like environmental protection, social responsibility and knowledge development could be the future direction and focus of their long term strategy, on top of maintaining the current leading position in resources.
Another good performer is BYD who won the second position of the benchmark not only because it's excellent achievement on resources possession and utilization, but also the outstanding performance on environment, responsibility and knowledge than other competitors. The evaluation also suggests BYD could pay more attention on its profitability and management efficiency area as well as the growth factor, which might be the future direction of their tactics for maintaining the leading position.
5．Conclusion
By defining the green competitiveness of automobile enterprises, this paper proposes one framework with four dimensions which include environment, resources, capability and knowledge. The relationship among them has been revealed and in-depth analysis has been conducted with the sample of 24 listed automotive enterprises. Our research indicates that the factors like enterprise resources possession and utilization; environment, responsibility and knowledge; earning; management efficiency have significant effect on the green competitiveness for automotive enterprises.
With the current pressure from both environment and energy, this paper thinks that China automobile industry must take further action on corporate social responsibility. The regular evaluation of the green competitiveness could be one good measurable approach for the "Green Upgrade" of the whole industry. On the other hand, one of the challenges of this approach is how to rationally determine the weight of each index of the evaluation model we proposed in the paper. The model itself can get objective results based on the factor analysis method. Furthermore, the green corporate competitiveness is changing dynamically with the affection from many factors. In order to make sure we can get the reasonable and executable outcome, the evaluation index system itself needs to be updated and upgraded with the input and learning from the real market and practice.
